Introduction
Rosai-Dorfman disease (RDD) or sinus histiocytosis with massive lymphadenopathy is a benign histiocytic proliferation, characterized by massive lymphadenopathy with or without extranodal manifestation. This entity was first described by Rosai and Dorfman in 1969 [1] . The condition mostly occurs in adolescent and young adults in the second decade of life [2] . Lymphnodal mass is the most common presentation. The extranodal manifestations are not uncommon and account for around 30-40% of all cases [3] . The involved sites encompass almost every system including the digestive, skeletal, respiratory and central nervous systems [4] [5] [6] [7] . Due to varied clinical manifestation and rarity, it can mimic other causes of massive lymphadenopathy like lymphoma, histiocytic sarcoma, tuberculosis and metastasis. Extranodal RDD involving soft tissue may mimic pseudotumor clinically [8] . Fine-needle aspiration cytology (FNAC) is an effective diagnostic modality for this condition. There is no specific serological marker for diagnosis. However, patients have an elevated erythrocyte sedimentation rate, neutrophilia and hypergammaglobulinemia [9] . The disease is idiopathic and exact etiology is not known. It usually has a self-limiting course with a good prognosis. Cases with a variable clinical course and multiple recurrences have also been reported. However, the overall mortality is less than 7% [10] . The hallmark of RDD is extensive histiocytic proliferation with emperipoelosis. The aim of this study was to highlight the utility of both FNAC as well as morphometry in characterizing the histiocytes of RDD and differentiate these cells from that of reactive lymph node hyperplasia. To the best of our knowledge, ours is the first report in the literature where the utility of morphometry is being documented in characterizing RDD histiocytes on cytosmears.
Materials and Methods
This was a retrospective study in which cases diagnosed as RDD on FNAC between 1998 and 2012 were included. FNAC smears from 22 cases of RDD were included. The smears of 5 cases of histopathologically documented reactive lymph node with sinus histiocytes were also included for morphometric comparison.
Detailed cytological examination was carried out in both Papanicolaou (PAP)-and May-Grünwald-Giemsa (MGG)-stained slides, which were both available for all the cases.
The number of lymphocytes and plasma cells present inside the histiocytes with emperipolesis were quantified in 50 histiocytes of each case of RDD. The mean lymphocyte and plasma cell count per histiocyte was determined in each case.
Histiocytes were categorized into 4 groups based on the extent of emperipolesis: For morphometric analysis, the PAP smears were scanned at low magnification (×4) to locate areas of highest histiocyte density and emperipolesis. A minimum of five digital photographs were captured using a light microscope (×20 objective; model BX50, Olympus Corporation, Tokyo, Japan). The images were stored in TIFF format. Detailed morphometric measurements (histiocyte nuclear area, largest nuclear diameter and histiocytes size) were done by image analysis (Image-Pro Plus software optimus 6, Media Cybernetics Corporation, Warrendale, Pa., USA). Appropriate calibration of the system was done before measurement. The histiocyte nuclei were outlined by an automatic or semiautomatic tracing system. A minimum of 100 nonoverlapping nuclei of representative cells were traced. For histiocyte size (cytoplasmic area), 30 clearly defined cells with prominent cytoplasmic borders were taken ( fig. 1 ). Area and diameter of the outlined nuclei were measured in micron. Data obtained were transported to Microsoft Excel.
The data was analyzed by STATA 9 (Stata Corporation, College Station, Tex., USA). Mean (standard deviation)/median (minimum, maximum) were analyzed for each parameter in each group. Normality of each variable was checked by means of the ShapiroWilk test. Normally distributed variable (nuclear diameter) was compared by independent Student t test and non-normally distributed variable (nuclear area and histiocyte size) by the Wilcoxon rank-sum (Mann-Whitney U) test. p < 0.05 was taken as statistically significant. 
Results
The clinical presentation of these cases is depicted in table 1 . A total of 22 cases were studied. The mean age of presentation was 26 years and the median 20 years (age range 5-55 years). There was male predominance with a male-to-female ratio of 3: 2. The most common clinical presentation was lymphadenopathy seen in 19 (86%) cases, followed by fever and constitutional symptoms. Three cases of extranodal RDD presented as a mediastinal mass, a retroperitoneal mass and a skin nodule. Cervical lymph node was involved in 12 cases, followed by 3 submandibular, 1 bilateral axillary and 1 inguinal lymph node. The most common clinical differential was lymphoma. The size of the lymph nodes varied from 2 to 4 cm.
Cytologically, the smears showed proliferation of large histiocytes with numerous prominent engulfed intracytoplasmic intact lymphocytes and/or plasma cells (emperipolesis). The histiocytes had abundant cytoplasm with large nuclei and conspicuous nucleoli. The cells with emperipolesis demonstrated a clear zone around the engulfed cells ( fig. 2 ). The number of cells within the histiocyte varied from case to case ( table 2 ) . The background showed an admixture of centrocytes, centroblasts and immunoblasts. Few atypical features were seen in the histiocytes; these included multinucleate giant cells, erythrophagocytosis, clover-leaf nuclei, large bizzare nuclei and large kidney-shaped nuclei ( fig. 3 ) .
Morphometric parameters show the mean nuclear diameter of the RDD histiocytes was 16.7 μm compared with the diameter of reactive histiocytes i.e. 10.1 μm, which was statistically significant (p < 0.01). The median nuclear area in RDD histiocytes was 163.4 μm 2 and in re- 
Discussion
RDD remains an enigmatic condition with a variable clinical presentation and course ( table 4 ). It can involve almost every organ and usually has a benign clinical course. However, involvement of extranodal sites like the liver, lower respiratory tract and kidneys are reported to be associated with a poor prognosis [3] . There is only a single published case describing development of histiocytic sarcoma after 4 years of RDD [28] .
Although the etiology of RDD is not completely known, viral infections are the most commonly implicated causative agents. Human herpes virus 6 [29] , parvovirus B19 [30] , Simian virus 40 and polyoma virus [31] have been described by various authors as etiologic agents. The known association of human herpes virus with many reactive lymphoid disorders renders this finding nonspecific. The high titers of Klebsiella reported may be a coincidental infection [32] . An association with immunological diseases like systemic lupus erythematosus and arthritis has also been described [24, 27] . The presence of hypergammaglobulenemia and IgG-positive plasma cells supports the immunological hypothesis [9] .
Immunohistochemically, the histiocytes in RDD are positive for CD68 and S100 but negative for CD1a and langerin which help to differentiate RDD from Langerhans cell histiocytosis. Histiocytes can also be seen prominently in reactive lymph nodes. Several authors have reported the utility of morphometry in differentiating benign from malignant cells in various organs like All the parameters are significantly higher in RDD histiocytes than that of reactive lymph nodes. Comparison between reactive and RDD lymph node histiocytes of mean nuclear diameter ( a ), median nuclear area ( b ) and median histiocyte area ( c ). All parameters were significantly higher in RDD than in the reactive lymph node.
the liver and thyroid as well as in effusions (pleural fluid) [33] [34] [35] .
We have quantified and compared the cell dimensions and nuclear dimensions of RDD histiocytes with those in the reactive lymph nodes. To the best of our knowledge, no published study yet exists that has morphometrically analyzed the histiocytes of these two entities. Variables like processing, fixation artifacts, staining quality and the morphometric technique used can influence quantitative estimations. Alcohol-fixed FNAC smears are therefore better suited than histological sections to perform such an assessment. The average reported diameter of monocyte/ macrophages and alveolar macrophages is 15-30 μm and 21.2 μm, respectively [36, 37] . In our study, the mean nuclear diameter of histiocytes of reactive lymph nodes was significantly smaller than that of RDD histiocytes (10.1 vs. 16.7 μm, p < 0.01). The median area of RDD histiocytes is much larger with a wide variation ranging from 195 to 23,000 μm 2 , compared to that of reactive histiocytes (142-569 μm 2 , p < 0.001). We did not find any relevant morphometric study regarding reactive histiocytes in lymph nodes; however, the study by Kram et al. [38] compared the signet-ring adenocarcinoma cells and foamy histiocytes in the stomach on endoscopic biopsies. They found a significant difference between the two cells in regard to mean nuclear area (34.25 and 25.41 μm 2 , respectively) and mean nuclear breadth (5.82 and 4.99 μm, respectively).They proposed a nuclear area value of 25 μm 2 as a cut-off level between signet-ring cell adenocarcinoma cells and foamy macrophages on endoscopic biopsies.
Due to variable clinical presentation and histiocytic proliferation, RDD can be confused with other disorders like Langerhans cell histiocytosis, Hodgkin disease lymphoma, histiocytic sarcoma, Gaucher's disease and mostly metastatic carcinoma. RDD histiocytes, unlike those in the reactive lymph nodes, may display atypical nuclear features like large, clover-leaf and kidney-shaped nuclei, which were also observed in our study. Erythrophagocytosis has been reported to help in differentiating Langerhans cell histiocytosis from RDD; we found this feature in two of our cases [39] .
In our study, most cases showed a mean of 5-15 lymphocytes and plasma cells per histiocyte. Only two cases had a count of >15 per histiocyte. Those with the highest numbers were associated with a larger size. Though emperipolesis of the large benign histiocytes is a characteristic feature of RDD, this is not documented in all cases. It can appear at all stages of the disease process in the same patient. Iyer et al. [40] described a variable degree of emperipolesis in serial biopsies from a single patient over a period of time. A predominance of foamy histiocytes without obvious emperipolesis was observed in rapidly enlarging lymph nodes; this finding was obvious dur- Table 4 . Summary of organ-wise clinical presentation in RDD ing the stable phase of the disease. This variation indicates the evolution of the whole disease process over time and may be explained by the diverse cytokine milieu. Sampling of tissues during the stable phase of the disease may therefore yield diagnostically useful material whereas sampling during exacerbation and involution phases may yield tissues inadequate for definitive diagnosis. To validate this hypothesis, we counted the mean number of histiocytes and observed that there was indeed a significant variation in emperipolesis from case to case.
Immunocytochemistry/histochemistry is very useful, but mostly in cases of cytology preparation where alcohol-fixed smears or cell blocks are not always available. Morphometry is also very cost-effective and can be performed with both the MGG and PAP smears. It can be performed using the freely available Image J software. In small centers where immunohistochemistry is not available, morphometry is a very simple and accurate aid for diagnosis.
To conclude, in this study, for the first time, a combined cytological and morphometric evaluation objectively highlighted a significant difference between the histiocytes of reactive lymph nodes and those of RDD on cytosmears. Awareness of the morphologic and morphometric variations in the cells and in the nuclei of the histiocytes of this entity may be useful in FNAC diagnosis of this disease. The smaller sample size (controls) and the lack of comparison between nodal and extranodal RDD constituted important drawbacks of our study. Larger prospective studies on RDD (both nodal and extranodal) in the near future are needed to substantiate our observations and to understand the biology of the disease process.
